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Abstract: Free radicals and other active derivatives of oxygen inactivate enzymes and important plant cellular components.
Superoxide dismutases (SODs) have been identified as essential components in an organism’s defence mechanism. This study was
devoted to the investigation of SOD activity in 13 durum wheat landraces from Iran and Azerbaijan under 2 (drought and normal)
conditions. The effect of drought stress on SOD, chlorophyll content index (CCI), and chlorophyll degradation were studied.
Significant differences between genotypes and the genotype × environment interaction among SOD and CCI content were identified.
The mean comparison showed that the contents of SOD and CCI decreased in susceptible landraces, whereas in resistant and
moderately resistant landraces SOD and CCI remained unchanged or increased. The stress tolerance index (STI) for SOD and CCI
classified resistant and susceptible landraces into distinct groups. Therefore, these 2 characters can be used as an indirect selection
criterion for screening drought-resistant plant materials.
Key Words: Durum wheat, SOD, CCI, drought, STI

Makarnalık Buğday Irklarındaki Süperoksit Dismutaz ve Klorofil İçeriği Üzerine Kuraklık Stresi
ve Genotipler Arasındaki Etkileşimin Etkisi
Özet: Serbest radikaller ve oksijenin diğer aktif türevleri enzimleri ve önemli bitki hücresel bileşenlerini inaktive ederler. Süperoksit
dismutazlar (SDO), organizmanın savunma mekanizmasında esas bileşenler olarak tanımlanırlar. Bu çalışma İran ve Azerbaycan’daki
kuraklık ve normal şartlar altındaki 13 makarnalık buğday ırklarındaki SOD aktivitesinin araştırılması ile ilgilidir. SOD üzerine kuraklık
stresinin etkisi, klorofil içerik indeksi (CCI) ve klorofil parçalanması çalışılmıştır. SOD ve CCI içeriği bakımından genotipler ve genotip
çevre etkileşimi arasında önemli farklılıklar belirlenmiştir. SOD ve CCI ‘nin içerikleri hassas ırklarda azalırken, dirençli ve kısmen
dirençli ırklarda artmış ya da değişmeden kalmıştır. SOD ve CCI için strese tolerans indeksi, dirençli ve hassas ırkları farklı gruplarda
sınıflandırdı. Bu yüzden bu iki karakter, kuraklığa dirençli bitki materyallerini belirlemek için dolaylı bir ayırma kriteri olarak
kullanılabilir.
Anahtar Sözcükler: Makarnalık buğday, SOD, CCI, kuraklık, STI

Introduction
One of the biochemical changes occurring in plants
subjected to environmental stresses is the production of
reactive oxygen species (ROS) (1), which leads to
oxidative stress through an increase in ROS such as

superoxide (O 2-), hydrogen peroxide (H 2O 2), and
hydroxyl radicals (OH ) (2). These ROS are very reactive
and can alter normal cellular metabolism through
oxidative damage to lipids, proteins, and nucleic acids
(3).
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A consequence of the drought-induced limitation of
photosynthesis is the exposure of plants to excess
energy, which if not dissipated safely may be harmful to
photosystem II (PSII) because of over reduction of
reaction centres (4) and increased production of ROS in
the chloroplasts (5). H2O2 is especially toxic in the
chloroplasts because, even at low concentrations, it
inhibits the Calvin cycle enzymes and reduces
photosynthetic carbon dioxide assimilation (6), which
can lead to the formation of ROS through the
misdirection of electrons in the photosystems. Loggini
et al. (1999) reported that, in drought susceptible
cultivars, pigment contents including chlorophyll “a” and
“b” decreased, while in the resistant cultivars there
were no significant changes. Moreover, the chlorophyll
a/b ratio decreased significantly under drought in
sensitive cultivars, whereas the decrease in resistant
ones was not significant (7). Hence, mechanisms that
reduce oxidative stress may play a secondary role in
drought tolerance.
Plants have evolved specific protective mechanisms
called collectively the complex antioxidative system,
which, in addition to other components, includes low
molecular mass antioxidative enzymes, such as superoxide
dismutase (SOD), catalase (CAT), ascorbate peroxidase
(APX), and galactose reductase (8).
In plants, changes in antioxidants are also correlated
with water deficit (9). Plants with higher levels of
antioxidants, either constitutive or induced, have been
reported to have greater resistance to oxidative damage
(10). The response of plants’ antioxidative systems has
been studied under drought (11), low temperature (12),
and salinity (13-17). It has been reported that in different
tolerant species an increase in the amount of enzymatic
antioxidants under stress conditions protects membranes
from damage. Therefore, acclimation to drought is
generally correlated with keeping ROS levels relatively
low through the antioxidant system.
In this paper, we evaluate the effect of drought stress
on superoxide dismutase (SOD) activity and chlorophyll
content index (CCI) in durum wheat landraces with
different stress tolerance levels. The stability of
chlorophyll and the relationship between these 2 traits are
also discussed.
2

Materials and Methods
Experiments were undertaken on 13 durum wheat
(Triticum durum Desf.) landraces with different levels of
drought resistance (tolerant, semi-tolerant, and
susceptible). Seed samples representing a single plant
collected from Northwest Iran and the Azerbaijan
Republic (Table 1) were grown under normal (irrigated)
and drought (dry cultivation) conditions in the research
station of Azad University.
In this study, the landraces 11, 12, and 13 were
regarded as susceptible and numbers 1, 2, 3, and 4 as
tolerant landraces.
Ten leaf samples were collected from each genotype.
Seedlings were sampled on days 30, 35, and 39 of water
stress. The chlorophyll content index (CCI) was measured
using a CCM-200 (Opti-sciences).
Determination of SOD activity
For enzyme extracts and assays, leaf tissues were
sampled, frozen under liquid nitrogen, then ground to
fine powder, and kept at -20 °C. The frozen powder (0.5
g) was homogenized in 10 mol of 50 ml potassium
phosphate buffer (pH 7.8) containing 1 μM EDTA (0.1
mM EDTA) and 1% (w/v) polyvinylpolypyrrolidone. The
homogenate was centrifuged at 4 °C for 20 min at
15,000 rpm, and the supernatant was immediately used
as an enzyme source.

Table 1. Origin and taxonomy of durum wheat landraces tested.
No.

Landraces

Origin

Tolerance level

1

Sunandaj

Iran

Tolerant

2

Mahabad

Iran

Tolerant

3

Shamaxi

Azerbaijan

Tolerant

4

Sarab

Iran

Tolerant

5

Germi

Iran

Semi-tolerant

6

Shamaxi

Azerbaijan

Semi-tolerant

7

Naxcevan

Azerbaijan

Semi-tolerant

8

Guba

Azerbaijan

Semi-tolerant

9

Gux

Azerbaijan

Semi-tolerant

10

Tabriz

Iran

Semi-tolerant

11

Karaj 11

Iran

Susceptible

12

Langan 1

Iran

Susceptible

13

Langan 2

Iran

Susceptible
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Hierarchical cluster analysis was used to classify
genotypes according to drought tolerance index in SPSS
10.

SOD activity was assayed according to the method of
Fridovich (18). Activity was defined on the basis of
inhibition of the photochemical reduction of
nitrobluetetrazolium (NBT) according to the method of
Beyer and Fridowich (17). The assay medium contained
50 mM potassium phosphate buffer (pH 7.8), 9.9 mM Lmethionine, 57 μM NBT, 0.025% (v/v) Triton-X 100, and
20 ml of enzyme extract. Reactions were started by
-1
adding 10 μl of aqueous riboflavin solution (44 μg ml )
and placing the tubes in an aluminium foil-lined box with
20 W fluorescent lamps for 7 min. A parallel control was
run where buffer was used instead of sample. After
illumination, the absorbance of the solution was measured
at 560 nm. One unit of enzyme activity was determined
as the amount of the enzyme to reach an inhibition of
50% NBT reduction rate by monitoring the absorbance at
560 nm with a spectrophotometer (Shimadzu UV-12002).

Results and Discussion
Enzyme Activities
Experimental findings on the antioxidant system
revealed that there was a considerable variation in SOD
activity among the tested genotypes. In addition, the
interaction between genotypes and conditions
(environment) was different (Table 2), indicating that the
13 durum wheat genotypes responded differently to
normal and drought stress conditions. In the present
study, under non-stress conditions, the highest SOD
activity (0.95 unit mg protein–1) was noted for landraces
1 and 10, followed by genotypes 8 and 13 with 0.94 and
0.91 unit mg protein–1 activity rates, respectively (Table
3). In dry farming conditions, the SOD activity was higher
in Sarab and in Mahabad. Genotypes 1 and 3 also showed
higher SOD activity.

Statistical analysis
Data obtained from the measurement of CCI and SOD
activity were analyzed by ANOVA. Least significance
difference (LSD) at a 0.05 probability level was used to
detect the differences between treatment means. The
stress tolerance index (STI) suggested by Fernandez
(1992) was used to measure drought resistance levels of
genotypes via the following formula (19):
STI =

Stress caused increases ranging from 6.6% to 27% in
SOD activity in genotypes 2, 4, 5, 9, and 11, whereas it
remained nearly constant in 3 and 6. The highest percent
increment under water stress was in Mahabad from Iran,
which was known as a tolerant landrace. In contrast, a
decrease in enzyme activity was observed in the remaining
landraces. It is known that plants have a well-organised
defence system against ROS under stress conditions and
SOD constitutes the first line of defence via detoxification
of superoxide radicals. Higher increments in the SOD
activity in the above-mentioned landraces might have
decreased the possible toxic concentration of O2˙¯ radicals
more efficiently than in other genotypes. The reduction in
SOD activity under drought may have been due to either
reduced synthesis or enhanced degradation of the enzyme.

(YS) (YN)
(YN– )

2

YS = the yield of a given genotype in a drought
environment;
YN = the yield of a given genotype in a non-stress
(irrigated) environment;
YN– = mean yield in a non-stress environment.

Table 2. Significance levels and least significance difference (LSD) of genotypes.
CCI (mean)
Significance

SOD (mean)

LSD 0.05

Significance

LSD 0.05

Condition (C)

ns

-

*

0.0401

Landrace (L)

**

7.15

**

0.0982

LC

**

10.49

**

0.1389

C.V.

8.7

9.9%
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highest percent increase, followed by 3 and 10. The CCI
was lower than that of the control under drought for
most of the genotypes studied. The stress caused a more
severe reduction in CCI in genotypes 6, 8, and 9 than in
the other landraces. With few exceptions, changes in the
CCI of landraces under drought showed the same pattern
as the response of SOD activity, suggesting that drought
may cause chlorophyll photooxidation mediated by oxiradicals (20). Genotypes 2, 4, and 5 are seemingly more
tolerant to water stress owing to the higher increase in
SOD activity and CCI.

Chlorophyll Content Index (CCI)
Results of analysis of variance for CCI showed that
there was no significant difference among the genotypes
in terms of CCI under either set of conditions. However,
the interaction between environment and genotypes led
to significant differences in the CCI (Table 2). Evaluation
of CCI distribution in the dry and normal farming systems
showed that, in the dry farming conditions, the variation
in the CCI was greater, ranging from 46 to 100.43 mg g
1
DW, than in normal conditions. It seems that greater
changes in the CCI in genotypes are induced by drought
stress (Table 3).

Stress tolerance index

With regard to the significant interaction between
genotype and environment, the comparison was
performed in 2 conditions. The highest and lowest
average CCI values under non-stress conditions were
observed in Sunandaj and in Germi respectively, whereas
under dry conditions these indices were recorded for
Shamaxi and Langan 2. Genotypes 2, 4, and 10 also were
characterised by higher CCI in drought conditions.

STI calculated on the basis of SOD and chlorophyll is
given in Table 4. The results from both traits were similar
to each other. On the basis of STI for SOD, the most
resistant genotypes were 4, 1, 3, 2, and 8, whereas for
STI of chlorophyll the most resistant ones were 4, 2, 1,
3, and 10. Therefore, SOD STI and chlorophyll STI could
be used as criteria for selecting resistant varieties.
The Pearson correlation between physiologic traits has
been evaluated separately for susceptible, resistant, and
moderately resistant genotypes because of the interaction
of genotypes and environment (Table 5). For drought

Leaf chlorophyll content of drought-stressed landraces
2, 3, 4, 5, 10, and 11 increased above the control level
after 39 days of stress. Among them, genotype 5 had the

Table 3. CCI and SOD activity values for durum wheat landraces after 39 days of stress.
CCI (mean)
mg g-1DW
No.

Origin
Control

Drought

Control

Drought

1

Sunandaj

Iran

91.5

73.66

0.95

0.86

2

Mahabad

Iran

75.71

91.83

0.77

0.98

3

Shamaxi

Azerbaijan

75.0

100.4

0.89

0.88

4

Sarab

Iran

81.83

96.22

0.88

1.00

5

Germi

Iran

41.5

81.25

0.76

0.81

6

Shamaxi

Azerbaijan

85.14

61.21

0.84

0.83

7

Naxcevan

Azerbaijan

87.17

70.15

0.79

0.74

8

Guba

Azerbaijan

80.75

59.71

0.94

0.79

9

Gux

Azerbaijan

78.5

58.75

0.74

0.83

10

Tabriz

Iran

72.14

94.35

0.95

0.73

11

Karaj 11

Iran

65.83

80.33

0.77

0.84

12

Langan 1

Iran

64.38

48.6

0.89

0.66

13

Langan 2

Iran

58.29

46.0

0.91

0.78

73.67

74.04

0.85

0.83

Mean

4

Landrace

SOD (mean)
unit mg protein–1
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Table 4. STI for chlorophyll and SOD of landraces.
Landrace

STI-for
Chlorophyll

STI-for
SOD

Sunandaj

1.21

1.14

Mahabad

1.32

1.05

Shamaxi

1.43

1.08

Sarab

1.5

1.21

Germi

0.64

0.85

Shamaxi

0.99

0.96

Naxcevan

1.16

0.81

Guba

0.92

1.02

Gux

0.88

0.85

Tabriz

1.29

0.96

Karaj111

1.15

0.89

Langan 1

0.59

0.81

Langan 2

0.51

0.98

resistant and moderately resistant genotypes, the STI for
SOD and STI for chlorophyll content are positively
associated with each other (r = 0.796). However, among
the susceptible genotypes, the correlation between STI for
SOD and STI for chlorophyll content index was
insignificant and negative. Moreover, there is a positive
and significant correlation between SOD and chlorophyll
CI under drought conditions, both for resistant and
susceptible genotypes. This means that, especially in

stress conditions, increasing SOD is associated with an
increase in the chlorophyll index. STI for SOD showed a
significant correlation at P < 0.01** level with SOD in
drought and normal conditions. A negative correlation of
no consequence (r = -0.162) was noted for SOD in
normal and SOD in drought conditions among resistant
varieties. In contrast, among the susceptible genotypes
the correlation between these indices was positive (** = P
< 0.01).
Evaluation of stress tolerance index during the stress
period showed that it was positive for genotypes 2, 3,
and 11 at the probability level of 5%. A positive value was
also noted for genotype 10 (Tabriz) at the probability
level of less than 7%. This means that with increasing
severity of stress the chlorophyll is increasing. All these
genotypes, except 11, were also previously known as
resistant landraces.
Cluster analysis on the basis of CCI and SOD STI and
on the basis of chlorophyll content and SOD in the stress
conditions classified genotypes into 3 main clusters
(Figure). As seen in the dendrogram, genotypes 8, 9, 6,
12, and 13 were located in the first and second clusters,
where genotypes number 8, 9 and 13 are considered
susceptible and genotypes 6 and 12 are considered
moderately resistant. However, the third cluster consists
of only resistant and moderately resistant genotypes.
Therefore, we can use this index for classification of
genotypes for drought resistance. The existence of a

Table 5. Correlation between STI for chlorophyll content index and SOD.
Resistant and
moderately resistant (I)
Susceptible (II)
STI for SOD

STI
for
Chlorophyll

Chlorophyll
CI
in drought

SOD
in
drought

SOD
in
normal

(I)

0.796**

0.593**

0.804**

0.453**

(II)

-0.207n.s

-0.232n.s

0.927**

0.995**

STI for

(I)

-

0.732**

0.643**

0.348*

Chlorophyll CI

(II)

-

1.00**

0.558*

0.308n.s

Chlorophyll

(I)

-

-

0.625**

0.06n.s

CI in drought

(II)

-

-

0.579**

-0.33

SOD

(I)

-

-

-

-0.162n.s

in drought

(II)

-

-

-

0.961**

n.s

** and * significant at the 0.01 and 0.05 levels, respectively
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Figure. Dendogram of cluster analysis based on STI for CCI and SOD for durum wheat landraces.

significant interaction between genotype and
environmental conditions (drought and irrigated
conditions) from the standpoint of chlorophyll and SOD
showed that in these 2 conditions the response of
genotypes in terms of amount of SOD and chlorophyll
differed. The average CCI in stress conditions was lower
than under normal conditions, which can be explained by
the relative degradation of chlorophyll induced by drought
stress. Studies by Mingcai et al. (21) proved that drought
stress and water deficit decreased the chlorophyll content
of leaves.
The decrease in chlorophyll production was the result
of increasing radical content and other ROS that damage
chloroplasts and ultimately cause chlorophyll degradation.
However, under drought, the SOD value increased in
the stamen leaf, as SOD production is one of the stress
confrontation systems under oxidative stress that is
activated in drought and salinity conditions. In susceptible
varieties, SOD produced in the stamen leaf was lower
than in resistant ones. The negative correlation between
CCI and SOD STI in susceptible varieties is corroborative.
However, among resistant genotypes, the SOD value

(Table 5) and CCI in the leaf are greater than in
susceptible genotypes. As such, SOD activity can be a
suitable index for identifying drought resistant varieties.
Our findings are consistent with those reported by Foad
et al. (22) and Ajay Arora et al. (23).
STI selects genotypes with high performance under
both stress and normal conditions (19). The positive
significant correlation of STI with chlorophyll and SOD
indices in this research and classification of resistant and
susceptible genotypes by this index show that these
indices can be used for screening drought resistant
sources in durum wheat varieties. There is a need for
more detailed research on existing drought resistant
native plants and the use of these genotypes as sources of
germplasm in breeding for resistance to environmental
stress.
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